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I.
Introduction Functionally graded material is inhomogeneous composites having the properties that vary gradually and continuously within the material with respect to the spatial coordinates. The FGMs concept was first developed by a group of Japanese scientists to meet the need of destructive environment of the thermal shocks and have been widely explored in various engineering applications.FGMs were first used as a shield in industries. New applications have become possible using FGM such as energy conversion, dental and orthopaedic implants, thermogenerators, sensors and joining dissimilar materials (1998) .Another important usage of FGM is wear resistant coatings and the covering of mechanical parts such as gears, cams, roller bearings and machine tools (2003) .Functionally graded materials are made by combining different material powders by metallurgy methods.
The analytical solution for the stresses on spheres and cylinders made of funcamationally graded material are given by Zimmerman (1996, 1999) . They considered thick sphere and cylinders under radial thermal loads, where radially graded materials with linear composition of constituent materials were considered. Obata and Noda (1994) studied the one dimensional steady thermal stresses in a functionally graded circular hollow cylinder and a hollow sphere using the perturbation method. By introducing the theory of laminated composites, Ootao et al (1995) treated the theoretical analysis of a three dimensional thermal stress problem for a nonhomogeneous hollow circular cylinder due to a moving heat source in the axial direction in a transient state. Tanigawa et al (1999) solved the thermal stresses for a semi infinite body with the assumption that nonhomogeneous material properties are power functions of the thickness direction z. Jabbari et al (2002 Jabbari et al ( , 2003 derived the analytical solution for one dimensional and two dimensional steady state thermo elastic problem of the functionally graded circular hollow cylinder, where the material properties are expressed as functions of radius. Esalmi et al (2005) obtained an exact solution for the one dimensional steady state thermal and mechanical stresses in a hollow thick sphere of FGM, they assumed the temperature distribution to be a function of radius. Chen and Lin (2008) carried out the elastic analysis for a thick cylinder as well as spherical pressure vessel made of FGM with exponentially varying properties which has significant role in the stress distribution along the radial direction and useful to engineers for design. Shao and Ma (2008) carried out thermo mechanical analysis of FGM hollow cylinder subjected to mechanical loads and linearly increasing boundary temperature .Thermo mechanical properties of functionally graded material are temperature independent and vary continuously in the radial direction of cylinder. Employing Laplace transform techniques and series, solving methods for ordinary differential equations, Tariq Darabseh and Kholoud Bani-Salameh [2010 ] obtained the numerical solution of a FGM cylinder by using implicit finite difference scheme,Nayak and P. Nayak et al(2011) presented an analysis of FGM thick cylinder and spherical vessels with radially varying properties in the form of displacement, strain and stress for thermal mechanical and thermo mechanical loads and validated the method of solution and results by means of reducing it to isotropic and homogeneous material. Recently Farshad Ehsani and Farzad Ehsani (2012) analyzed the one dimensional non steady state temperature distribution in a hollow thick cylinder of FGM with non uniform heat generation by homotopy perturbation method
In this article, the transient thermal stresses in a functionally graded solid sphere subjected to a constant temperature at the surface are obtained by numerical method based on implicit finite difference scheme. The results are illustrated for FGM sphere consists of ceramic ZrO 2 and alloy Ti-6A1-4V. In this work an attempt is made to study the behaviour of FGM sphere under thermal load based on uncoupled Thermoelasticity .Under this situation, the thermal and mechanical problems are uncoupled. On determination of the temperature distribution 
II. Formulation of The Problem
Consider the FGM solid sphere of radius a . The material properties of the sphere are assumed to be function of radius. Assume the material properties of the FGM as a mixture of ceramic and metal vary exponentially in the radial direction as,
In which p , v and w are the dimensionless nonhomogeneity parameters , 
Substituting the material expressions (1-3) and the dimensionless parameters (5), the problem (6-9) is transformed into dimensionless form as,
The dimensionless initial and boundary conditions are, The thermoelastic stress-strain relations are, (16) Where E is the Young's modulus and  is Poisson's ratio assumed to be constant. The stress components in terms of the displacement component u , using (14), (15) and (16) may be obtained as 
The solution of u is known from (19) , the stresses can be determined from (17) .
It is expected that the stresses at the centre 0  r are finite; therefore the displacement u must vanish when 0  r . The sphere is free of surface tractions. So the initial and boundary conditions becomes, .The Poisson's ratio υ is assumed to be constant. Now by using the parameters in(21) ,the constants in (22) and the parameters defined in (5),the equation (19) and (17) can be expressed as,
The dimensionless initial and boundary conditions are, (27) III.
Analytic Solutions
Solution of the Temperature Field
A fully implicit finite difference scheme is used to evaluate the dimensionless temperature govern by equations (10) (11) (12) (13) .A backward-difference representation is used for the time derivative and central difference formulas are employed for other derivatives. The implicit schemes are unconditionally stable for any size of time step, but accuracy of the solution is only first-order in time. Hence, small time steps are needed to ensure reasonable accuracy of results. The differential equation (10) is represented in a finite difference form as,
Rearranging the terms one gets,
Dynamic Behavior Of Functionally Graded Solid Sphere Subjected To Hermal Load
For a solid sphere the equation (10) 
Additional relationship is obtained by discretizing equation (31) 
The above equations represent a system of N+1 equations with N+1 unknowns for each time step.The resulted matrix is tridigonal.
Solution of the Thermal Stresses
A fully implicit scheme is used to evaluate the dimensionless displacement govern by the equations (24) and (27) . The backward-difference scheme is used for time derivative, while central difference formulas are employed for other derivatives. The implcit scheme is unconditionally stable for any time step size, but the accuracy of the solution is only first-order in time. Hence, small time steps are needed to ensure reasonable accuracy of results. The differential equation (24) is represented in a finite difference form as, (24) and (27) in Matrix form is given as, 
The components of stress can be calculated from equations (25) (26) by using the temperature and displacement histories already obtained. The finite difference form of stress function components at any time for nonzero values of n can be written as, 
, the finite difference form of stress components becomes,
IV. Results and Discussion
For the numerical calculations, consider the functionally graded solid sphere has the material properties of ceramic 2 ZrO at the heated circular surface   1  R and alloy T i -6A1-4V.These material composites vary exponentially in the radial direction. The thermo mechanical properties of this material at room temperature are [15] 
V. Conclusions
In this work the transient temperature distribution, displacement and thermal stresses are obtained by using fully implicit finite difference scheme Zirconium dioxide-sometimes known as zirconia Zirconium dioxide is one of the most studied ceramic materials. Due to its excellent wear resistance, zirconia is used as in thread guide, cams and wire drawing dies. It is also used as a cathode for plasma torches and a nucleating agent for glass ceramics. Zirconia is used as a femoral head component in hip implants. High strength and high toughness allow the hip joint to be made smaller which allows a greater degree of articulation. The ability to be polished to a high surface finish also allows a low friction joint to be manufactured for articulating joints such as the hip.
Titanium Alloy Ti 6Al-4V
Ti 6Al-4V may be considered in any application where a combination of high strength at low to moderate temperatures, light weight and excellent corrosion resistance are required. Some of the many applications where this alloy has been used include aircraft turbine engine components, aircraft structural components, aerospace fasteners, high-performance automotive parts, marine applications, medical devices, and sports equipment.
